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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
spring having high durability in an actual service 
environment and also having setting resistance 
equal to or higher than that of the conventional 
spring by improving corrosion fatigue strength. 
SOLUTION: A sheet contains, by weight ratio, 
035-0.55% C, 1.60-3.00% Si, 0.20-1.50% Mn, 
<0.010% S, 0.40-3.00% Ni, 0.10-1.50% Cr, 
0.010-0.025% N, 0.05-0.50% V, and the balance 
essentially Fe, as material. This steel is subjected 
to heat treatment so that a hardness of HRC 50.5 
to 55.0 is reached and then to warm shot peening 
|i ........ \ so that a residual stress of >-600 MPa is 

«r «i « w «j» 5* 99 * established in a position at a depth of 0.2 mm 

from the surface. Moreover, it is desirable that the 
temperature of a spring at shot peening is 100- 
300°C, and it is also desirable that the hardness of 
shorts at shot peening is Hv 450-600. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the spring which raised corrosion fatigue 

strength-proof. 

[0002] 

[Description of the Prior Art] From the viewpoint of environmental protection and 
resource protection, reduction of the harmful matter in an exhaust gas and improvement 
in fuel consumption are strongly demanded from the automobile, contributing greatly to 
these — a car body ~ lightweight — since it is-izing, the efforts to lightweight-izing are 
not continuing not flaging about each part article which constitutes a car body. In the 
spring for suspension of an automobile etc., although heightening working stress (design 
stress) links with lightweight-ization directly, fatigue and setting pose a problem by 
working stress rise. Moreover, there is a problem with the same said of the spring used as 
an element of not only an automobile but various machines. 

[0003] Then, in order to raise fatigue resistance (endurance) and setting-proof nature, 
many spring materials which added various alloy elements are proposed conventionally. 
For example, a carbon content is reduced to JP,3-2354,A, nickel and Cr are added to it, 
and the spring steel which added N (nitrogen) so much more than before is proposed. 
Moreover, in addition to these, adding one sort of Nb, V, and Mo or two sorts or more is 
also proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] Generally about setting, setting can be 
effectively decreased by raising the hardness of an ingredient. Moreover, under an ideal 
condition, a limit leads to the improvement in fatigue resistance [ rise / of the hardness of 
an ingredient of a certain thing ]. However, since the spring for automobile suspension is 
that with which the part to which water, mud, etc. tend to adhere also in the car body of 
an automobile is equipped, if actual use is taken into consideration, it must consider the 
problem of corrosion in the first place, for example. Corrosion is for forming a pit 
(minute hole) on the surface of a spring, and causing fatigue breaking on the basis of this. 
[0005] The place which accomplishes this invention in order to solve such a technical 
problem, and is made into the purpose is by raising corrosion fatigue strength-proof to 
offer the spring which has high endurance in a real operating environment, and has the 
setting-proof nature more than the former and an EQC. 
[0006] 

[Means for Solving the Problem] The spring concerning this invention accomplished in 



order to solve the above-mentioned technical problem a) It is made a weight ratio. C:0.35 
- 0.55%, Si:1.60-3.00%, Mn: 0.20-1.50%, S:0.010% or less, nickel:0.40-3.00%, Are 
made from the steel which becomes a remainder real target from Fe while containing 
Cr:0.10-1.50%, N:0.010 - 0.025%, and V:0.05 - 0.50%. b) After heat-treating so that 
hardness may serve as HRC 50.5-55.0, it is characterized by what shot peening was 
performed for between ** so that the residual stress of -600 or more MPas might occur 
under c front face in the location of 0.2mm. 

[0007] Here, still better effectiveness can be acquired by making P content of the above- 
mentioned ingredient into 0.010% or less. 

[0008] Although **** shot peening means performing shot peening where a spring is 
raised to the temperature beyond a room temperature, more naturally than the 
temperature of heat treatment (tempering), it must consider as low temperature so that the 
above-mentioned heat treatment hardness may not fall. According to the experiment of 
this invention person, it was confirmed by making temperature of the spring at the time of 
shot peening into 100-300 degrees C that the best corrosion fatigue strength is obtained. 
This temperature is good to consider as 200-250 degrees C still more desirably. 
[0009] In order to perform shot peening between ** to the spring prepared to the above- 
mentioned hardness and to acquire the above residual-stress conditions, using the shot 
ball of hardness 450-Hv 600 is recommended. This hardness is good to be referred to as 
Hv 500-550 still more desirably. 
[0010] 

[Embodiment of the Invention] As main causes of destruction by corrosion fatigue, fall 
** of the residual-stress value by the delayed fracture phenomenon of (1) steel, 
generation of the surface pit (minute hole) by (2) corrosion, and use of (3) long period of 
times can be considered. 

[001 1] Delayed fracture is a phenomenon peculiar to high-strength steel, when stress is 
added to steel, hydrogen invades into steel from the steam in the moisture adhering to a 
front face, or atmospheric air, irregular parts, such as the grain boundary and a boundary 
of a sludge and a base, are piled up, heightens a pressure, and, finally results [ from a 
micro crack ] in fracture. High intensity-ization is progressing in recent years, and in 
carrying out the load of the stress higher than before at the time of use, since especially 
the ingredient used for various springs is used in the environment where moisture etc. 
tends to adhere as above-mentioned, it needs to take the delayed fracture property of an 
ingredient into consideration enough for improvement in corrosion fatigue strength. 
[0012] The surface pit by corrosion serves as a source of stress concentration, and 
reduces fatigue strength remarkably. Even if do not make a corrosion pit generate as 
much as possible or it generates it to this, it is one policy to make it make it generate with 
a gestalt whose stress concentration decreases if possible, and even if a corrosion pit 
exists in another side, it is important for it to cope with it by the ingredient side so that it 
may be hard to produce a crack from there. 

[0013] In the case of a spring, residual stress is given by shot peening, but if it is 
explained in detail and a front face will deform plastically with shot peening, a difference 
will arise in whenever [ deformation ] between the parts which a lower layer does not 
deform plastically rather than it, and distortion by it will generate compressive residual 
stress on a front face. Therefore, if a surface layer is removed by corrosion or a minute 
crack arises on a front face, distortion will become small and a residual-stress value will 



decrease. 

[0014] Although many things which added Nb and V were used for JIS-SUP7 steel or it 
as an ingredient of current and a spring, we decided to use the almost same thing as the 
steel indicated as an ingredient of the spring concerning this invention by above- 
mentioned JP,3-2354,A further developed as an object for high stress rather than them. 
The upper limit and the reason for a minimum setup of each quantitative formula are as 
follows. In addition, each quantitative formula of the ingredient used with JIS-SUP7 steel 
and the spring of this invention is shown as contrasted with Table 1 for reference. 
[Table 1] 
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[0015] First, C content was set as the range lower than JIS-SUP7 steel (it is hereafter 
called steel conventionally). This is for toughness of direction which C content was 
reduced and increased the content of an alloy element to improve rather than making [ 
many ] C content, when hardness (reinforcement) is made the same. The improvement in 
toughness contributes to the improvement in corrosion fatigue strength which this 
invention makes the purpose greatly by reducing generation and the progress rate of the 
fatigue crack from a corrosion pit. In addition, even if it carried out the maximum 
addition of other alloy elements, the minimum of C content was made into 0.35% less 
than [ this ], because it was difficult to obtain the hardness of the above after heat 
treatment. Moreover, the upper limit was made into 0.55% for the toughness of an 
ingredient deteriorating remarkably, when it was made to contain more than this. 
[0016] It is known that Si has effectiveness on a setting-proof disposition. Therefore, in 
order to raise setting-proof nature more, the upper limit of Si content was made into the 
value conventionally higher than steel in this invention. However, Si is an element which 
promotes the surface decarburization of steel, and if it is made to contain exceeding 
3.00%, the decarbonization at the time of heat treatment cannot disregard it. In this case, 
since it became difficult to acquire the above-mentioned hardness and a residual-stress 
value in a front face, the upper limit was specified in this way. 
[0017] Mn is an element which has effectiveness in the improvement in hardenability. 
Conditions indispensable when demonstrating perfectly the improvement effectiveness in 
toughness of the ingredient by alloy elements, such as Following nickel, perform 
hardening and tempering sufficient to the core of a spring. At less than 0.2%, since 
hardening sufficient to a core was not obtained in the case of the spring of a major 



diameter, Mn made the minimum 0.2%. However, since degradation of toughness posed 
a problem while the improvement effectiveness in hardenability is saturated in the spring 
of magnitude usually used, even if it makes it contain exceeding 1.5%, the upper limit 
was made into 1.5%. 

[0018]/SToinbines^mth MnuTsteel and becomes steel with ins^ble^MnSrSince-itjs__-^ 
easy-to defomi MnS plastically, it is extended with rolling etc. andl ends-to^s erve as^an — - 
origin of destruction by the impact, fatigue, etc. Then, it was made for toughness when 
hardness^risesTand fatigue resistance to servejis the average c onventi onally^bymalcing 
tlie-upp er limit of S into 0.01 0% in this invention/ ' 
[0019] nickel has the effectiveness whiclfcontrols the corrosion of steel while having 
effectiveness in the improvement in toughness of steel. Control of corrosion raises the 
corrosion fatigue strength of a spring from both sides of prevention of corrosion pit 
generation and prevention of reduction in residual stress as above-mentioned. The 
effectiveness of such nickel cannot be acquired unless it makes it contain 0.4% or more. 
However, conversely, even if it makes it contain exceeding 3%, while the improvement 
effectiveness in toughness is saturated, since it is an austenite stabilization element, it 
makes an austenite remain at the time of hardening, and a possibility of making the 
transformation to martensite imperfect has it. Moreover, since it is expensive, it also 
becomes the factor which pushes up the cost of a spring greatly. Therefore, the upper 
limit was made into 3%. 

[0020] Like Mn, Cr has the effectiveness which controls surface decarburization while 
having effectiveness in the improvement in hardenability. At less than 0.1 %, since such 
effectiveness was hardly able to expect, the minimum was made into 0.1%. However, 
even if it makes it contain exceeding 1.5%, when such effectiveness is saturated, the evil 
in which it is made an ununiformity produces a tempering organization. For this reason, 
the upper limit was made into 1 .5%. 

[0021] N combines with aluminum in steel, turns into A1N, and deposits in steel as a 
detailed particle. Since grain growth is barred by this, N has big effectiveness, although 
crystal grain of steel is made detailed. In order to acquire such effectiveness, it is 
necessary to make 0.01% or more of N contain. However, if there are too many N 
contents, it will generate as N2 gas in steel at the time of manufacture of steel (at the time 
of coagulation and cooling), and the endoplasm of steel will be degraded. Therefore, the 
upper limit was made into 0.025%. 

[0022] V combines with C, deposits in steel as detailed VC (vanadium carbide), makes 
crystal grain make it detailed like Above A1N, and raises the toughness of steel. 
Moreover, by distributing a majority of such detailed carbide in steel, the location which 
H (hydrogen) which invaded from the outside accumulates can be distributed, and 
generation of the above-mentioned delayed fracture can be controlled. In order to acquire 
such effectiveness, it is necessary to make V contain 0.05% or more. However, without 
the number of the deposit sites of VC increasing, if it is made to contain exceeding 0.5%, 
VC is ****** s and such effectiveness is no longer acquired. Therefore, the upper limit 
was made into 0.5%. 

[0023] P reduces the toughness of steel. Therefore, the effectiveness of raising the 
corrosion fatigue strength of the spring which raises the toughness of an ingredient, as a 
result is applied to this invention is acquired by making the content into 0.010% or less. 
Since especially the spring concerning this invention is what is conventionally used by 



the high degree of hardness, the improvement in toughness will become important 
especially. 

[0024] Next, with the spring concerning this invention, hardness after heat treatment 
(hardening and tempering) was made higher than HRC 49-52 which is the general 
hardness range of the conventional spring, and was set to HRC 50.5-55.0. Although it is 
for raising fatigue strength, stopping setting corresponding to improvement in working 
stress (design stress) more than an EQC, even if it raises hardness in this way, since the 
toughness of this of the ingredient itself is improving, it does not produce the fall of 
fatigue strength by the various above-mentioned alloy element addition. 
[0025] Moreover, although the residual-stress value in the location of 0.2mm was 
specified as -600 or more MPas under the front face, this can fully be obtained by 
carrying out shot-peening processing between ** of the steel of the above-mentioned 
hardness on suitable conditions. Not rather than the outermost surface but rather than it, 
by what is done for the residual stress in the location under 0.2mm in this way, the fall of 
surface residual stress when a front face corrodes can be prevented effectively, and the 
fall of corrosion fatigue strength can be suppressed to the minimum. 
[0026] 

[Example] The property of the ingredient of this invention spring itself was examined 
about [materials-testing result] corrosion resistance, delayed fracture-proof nature, and 
toughness by contrast with SUP7 which is a charge of spring material conventionally. 
The chemical composition of the used ingredient is shown in Table 2. In Table 2, the 
charge A of this invention spring material makes V content low by above-mentioned 
component within the limits, and Ingredient C makes low C (carbon) content and S 
(sulfur) content. Moreover, Ingredient D makes P (Lynn) content low. SUP7 adjusted 
each tempering temperature so that it might be set to HRC51, so that each ingredient for 
this invention springs might serve as HRC53.5 in consideration of each busy condition in 
the hardness of each ingredient. 
[Table 2] 
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[0027] (1) Hydrogen was positively poured into the test piece which attached the delayed 
fracture notch by electrolysis processing at each ingredient, and it was left where the load 
of the various stress of 2 is carried out 50 to 120 kgf7mm. the ratio of sigmalOOH at the 
time of pouring in sigmalOON and hydrogen when setting to sigmalOO the maximum 
load stress which delayed fracture does not produce in each ingredient even if it leaves it 



for 100 hours, and not pouring in hydrogen - 100 Ns of RHRH=sigma 100 H/sigma 
estimated the delayed fracture-proof property. A result is as being shown in drawing 1 , 
and it turned out that the charge of this invention spring material has the intensity ratio 
also with the ingredient A more expensive 30% or more than SUP7 which is steel 
conventionally with V content near a minimum. 

[0028] (2) The ingredient B with C (carbon) and S (sulfur) content near an upper limit 
was also found [ the result of having performed the Charpy impact test of toughness each 
ingredient ] by that the charge of this invention spring material has the toughness value 
conventionally higher about 15% than steel SUP7 with low hardness as shown in drawing 
2 . 

[0029] Below a [spring test result] is the result of examining about the spring which has 
the item manufactured at the process as shown in Table 3 as shown in Table 4. 
Table 3] 
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[0030] In addition, two sorts, hot- forming processing and cold-forming processing, are 
contained in the "fabrication" in Table 3. 

[0031] (3) The maximum corrosion depth of the spring in each count of a repeat at the 
time of repeating the corrosion following corrosion cycle a maximum of 35 times was 
investigated. 

Corrosion cycle : (salt fog 3-hour + desiccation 21 hours) 

The count of a corrosion cycle and the relation of the maximum corrosion depth are 
shown in drawing 3 . After repeating 10 times or more of corrosion cycles, this invention 
spring is understood that advance of corrosion is conventionally slower than a spring 
clearly. When it follows, for example, is used as a suspension spring of an automobile, 
especially the fall of the fatigue strength after using the spring concerning this invention 
for a long period of time is controlled. 

[0032] (4) The spring after residual-stress tempering was heated at 250 degrees C, shot 
peening between ** was performed, and the residual-stress distribution from the front 
face after returning to a room temperature was measured with X wire method. In 
addition, the shot ball used the thing of hardness Hv520. Consequently, as shown in 
drawing 4 , it turned out that this invention spring has an internal residual-stress value 
higher general conventionally than a spring, if its attention is especially paid to a depth of 
0.2mm (200 micrometers) from a front face — the former - a spring — up to 430MPa 
extent — the bottom — **** — with this invention spring, the high value of 800MPa(s) is 
still held to being. Thereby, reduction of the residual stress by the corrosion from a front 



face is conventionally suppressed small far rather than steel. 

[0033] Moreover, in order to clarify effectiveness of shot peening between ** more, the 
relation of the residual-stress distribution at the time of changing the temperature of the 
spring at the time of performing shot peening to ordinary temperature and 200-300 
degrees C was investigated. Consequently, as shown in drawing 5 , the value of surface 
compressive residual stress and the value of the maximum compressive residual stress 
increase by performing shot peening between **, and also that the value of the residual 
stress in a part a little deeper than a front face becomes large especially has become 
whether to be **. This is considered to have contributed to improvement in the fatigue 
strength after corrosion greatly. 

[0034] (5) the trial of setting-proof **** was performed by boiling and changing various 
hardness of a spring by changing tempering temperature. In addition, in consideration of 
working stress (design stress) becoming [ the direction of this invention spring ] high, this 
invention spring was set to tau=1200MPa to the spring of bolting stress being 
tau=1000MPa conventionally. Moreover, theTest condition was made into 80 degree-Cx 
96 hours in order to accelerate setting. In spite of having bound this invention spring tight 
with high stress as the result was shown in drawing 6 , the amount of setting (residual 
shear strain) serves- as the abbreviation half of a spring conventionally. 
[0035] (6) About the spring prepared to various hardness like corrosion fatigue, the 
corrosion fatigue trial in the condition of not painting was performed. Here, in 
consideration of the difference in working stress (design stress), by means of a spring, 
trial stress was conventionally stopped low with tau=490**294MPa, and made this 
invention spring high with tau=588**353MPa. Consequently, although this invention 
spring had mean stress and large alternating stress as a whole, it turned out that it has the 
corrosion fatigue life of a spring and equivalent extent conventionally, as shown in 
drawing 7 . Especially this invention spring using the ingredient D into which P content 
was reduced shows the high fatigue strength property. Moreover, it is ** that the 
corrosion fatigue strength of this invention spring is also good irrespective of the shaping 
approach (between the colds and between heat). Although **** shot peening is the 
technique of having aimed at improvement in corrosion fatigue resistance, when 
endurance is required, the 2nd step of shot peening is performed in ordinary temperature. 
Surface roughness becomes small by that cause, and endurance improves. 
[0036] 

[Effect of the Invention] While giving sufficient reinforcement for the ingredient itself, 
toughness, and corrosion resistance by designing an alloy element content appropriately, 
even if it uses it with high stress conventionally, equivalent to the former or the setting- 
proof nature beyond it, and corrosion fatigue strength-proof are securable with the spring 
concerning this invention by having specified the residual-stress value by temper, the 
shot-peening processing between **, and it, as explained above. Therefore, securing the 
engine performance as usual by using the spring concerning this invention, design stress 
can be heightened and the weight of a spring can be reduced. 



[Translation done.] 



